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(57) 	 ABSTRACT 

A wireless electrical device includes an electrically uncon-
nected electrical conductor and at least one electrically 
unconnected electrode spaced apart from the electrical con-
ductor. The electrical conductor is shaped for storage of an 
electric field and a magnetic field. In the presence of a time-
varying magnetic field, the electrical conductor so-shaped 
resonates to generate harmonic electric and magnetic field 
responses. Each electrode is at a location lying within the 
magnetic field response so-generated and is constructed such 
that a linear movement of electric charges is generated in each 
electrode due to the magnetic field response so-generated. 
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WIRELESS ELECTRICAL DEVICE USING 
OPEN-CIRCUIT ELEMENTS HAVING NO 

ELECTRICAL CONNECTIONS 

Pursuant to 35 U.S.C. §119, the benefit of priority from 
provisional application 61/104,027, hereby incorporated by 
reference in its entirety, with a filing date of Oct. 9, 2008, is 
claimed for this non-provisional application. 

ORIGIN OF THE INVENTION 

This invention was made in part by an employee of the 
United States Government and may be manufactured and 
used by or for the Government of the United States of 
America for governmental purposes without the payment of 
any royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to wireless electrical devices. More 

specifically, the invention is a wireless electrical device using 
open-circuit elements having no electrical connections where 
the elements include an electrically-conductive geometric 
pattern and a spaced-apart electrode. 

2. Description of the Related Art 
Electrical devices typically utilize a plurality of circuit 

elements wired together to form a circuit. As is well under-
stood in the art, such electrical devices function for a designed 
purpose when electric current flows through the circuit. If an 
unwanted break occurs in the circuit, electric current ceases to 
flow and the circuit must be repaired or replaced to restore 
device function. Circuit repair or replacement causes down-
time, requires manpower, and can be expensive. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide an electrical device that does not require hardwire 
connections between the device's circuit elements. 

Another object of the present invention is to provide an 
electrical device that is powered and operated in a wireless 
fashion. 

Other objects and advantages of the present invention will 
become more obvious hereinafter in the specification and 
drawings. 

In accordance with the present invention, a wireless elec-
trical device includes an electrical conductor and at least one 
electrode. The electrical conductor has first and second ends 
and is shaped therebetween for storage of an electric field and 
a magnetic field. The first and second ends remain electrically 
unconnected such that the electrical conductor so-shaped 
defines an unconnected open-circuit having inductance and 
capacitance. In the presence of a time-varying magnetic field, 
the electrical conductor so-shaped resonates to generate har-
monic electric and magnetic field responses, each of which 
has a frequency, amplitude and bandwidth associated there-
with. 

Each electrode has no electrical connections, is spaced 
apart from the electrical conductor at a location lying within 
the magnetic field response so-generated, and is constructed 
such that a linear movement of electric charges is generated in 
each electrode due to the magnetic field response so-gener-
ated. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. lA is a plan view of a wireless electrical device in 
accordance with an embodiment of the present invention; 

2 
FIG. 1B is an end view of the wireless electrical device 

taken along line 1-1 in FIG. 1A; 
FIG. 2 is a schematic view of a magnetic field response 

recorder used in an embodiment of the present invention; 
5 FIG. 3 is an end view of a wireless electrical device con-

figured as a parallel-plate capacitor in accordance with 
another embodiment of the present invention; 

FIG. 4 is a schematic view of a spiral trace conductor 
pattern whose traces are non-uniform in width; 

to 	FIG. 5 is a schematic view of a spiral trace conductor 
pattern having non-uniform spacing between the traces 
thereof, 

FIG. 6 is a schematic view of a spiral trace conductor 
pattern having non-uniform trace width and non-uniform 

15 trace spacing; 
FIG. 7 is a schematic view of a wireless electrical device 

using a single electrode in accordance with another embodi-
ment of the present invention; 

FIG. 8 is a schematic view of a wireless electrical device 
20 using a single electrode in accordance with yet another 

embodiment of the present invention; 
FIG. 9 is a schematic view of a wireless electrical device 

using two electrodes in accordance with another embodiment 
of the present invention; 

25 	FIGS. 10A and 10B are schematic views of a wireless 
electrical device using multiple distributed electrodes in 
accordance with another embodiment of the present inven-
tion; and 

FIG. 11 is an isolated perspective view of a spiral electrical 
30  conductor pattern expanded into a three-dimensional space in 

accordance with another embodiment of the present inven-
tion. 

DETAILED DESCRIPTION OF THE INVENTION 
35 

Referring now to the drawings and more particularly to 
FIG. 1, a wireless electrical device in accordance with an 
embodiment of the present invention is shown and is refer-
enced generally by numeral 100. As will be explained further 

4o below, the general features of electrical device 100 serve as 
the building block for a variety of possible functions such as 
energy storage, detecting/measuring out-of-plane rotational 
and translational displacement, and detecting/measuring in-
plane rotational and translational displacement. The illus- 

45 trated electrical device 100 is presented as an exemplary 
embodiment, as there will be many possible embodiments 
that can be constructed based on the basic principles of the 
present invention without departing from the scope thereof. In 
the illustrated embodiment, electrical device 100 includes a 

50 pattern 10 of electrically conductive material and an electri-
cally unconnected electrode 20 spaced apart from pattern 10. 

Electrical conductor pattern 10 is any electrical conductor 
(e.g., wire, run, thin-film trace, etc.) that can be shaped to 
form an open-circuit patternthat can store an electric field and 

55 a magnetic field. Pattern 10 is a single-component open-
circuit element with no electrical connections being made 
thereto or therewithin. The term "open-circuit pattern" as 
used herein means that the conductor has two ends that are 
electrically unconnected, the conductor pattern is an electri- 

60 cal open-circuit having inductance and capacitance attributes, 
and the pattern has no electrical connections. 

Pattern 10 can be a stand-alone electrically-conductive run. 
Pattern 10 can also be made from an electrically-conductive 
run or thin-film trace that can be deposited directly onto or 

65 embedded within an optional substrate material 30 (refer- 
enced by dashed lines to indicate the optional nature thereof) 
that is electrically insulating and non-conductive. The par- 
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4 
ticular choice of the substrate/embedding material can vary 	that is dependent upon the capacitance, inductance and resis- 
without departing from the scope of the present invention. 	tance of pattern 10. This oscillation occurs as the energy in the 
Although not a requirement of the present invention, the 	magnetic field along the length of pattern 10 is harmonically 
surface on which pattern 10 is deposited is typically a planar 	transferred to the electric field between parallel portions of 
surface. Techniques used to deposit pattern 10 directly onto 5 pattern 10. That is, when excited by a time-varying magnetic 
substrate 30 can be any conventional metal-conductor depo- 	field, pattern 10 resonates a harmonic electric field and a 
sition process to include thin-film fabrication techniques. As 

	
harmonic magnetic field with each field being defined by a 

will be explained further below, pattern 10 can be constructed 
	

frequency, amplitude, and bandwidth. 
to have a uniform or non-uniform width, and/or uniform or 

	
The application of an oscillating magnetic field to pattern 

non-uniform spacing between adjacent portions of the pat-  io 10, as well as the reading of the induced harmonic response at 
tern's runs/traces. 	 a resonant frequency, can be accomplished by a magnetic 

The basic features of pattern 10 and the principles of opera- 	field response recorder. The operating principles and con- 
tion for electrical device 100 will be explained for a spiral- 	struction details of such a recorder are provided in U.S. Pat. 
shaped conductor pattern. However, it is to be understood that 

	
Nos. 7,086,593 and 7,159,774, the contents of which are 

the present invention could be practiced using other geometri-  15 hereby incorporated by reference in their entirety. Briefly, as 
cally-patterned conductors provided the pattern has the 	shown in FIG. 2, a magnetic field response recorder 50 
attributes described herein. The basic features of a spiral- 	includes a processor 52 and a broadbandradio frequency (RF) 
shaped conductor that can function as pattern 10 are 	antenna 54 capable of transmitting and receiving RE energy. 
described in detail in U.S. Patent Publication No. 2007/ 

	
Processor 52 includes algorithms embodied in software for 

0181683, the contents of which are hereby incorporated by 20 controlling antenna 54 and for analyzing the RE signals 
reference in their entirety. For purpose of a complete descrip- 	received from the magnetic field response sensor defined by 
tion of the present invention, the relevant portions of this 	pattern 10. On the transmission side, processor 52 modulates 
publication will be repeated herein. 	 an input signal that is then supplied to antenna 54 so that 

As is well known and accepted in the art, a spiral inductor 	antenna 54 produces either a broadband time-varying mag- 
is ideally constructed/configured to minimize parasitic 25 netic field or a single harmonic field. On the reception side, 
capacitance so as not to influence other electrical components 	antenna 54 receives harmonic magnetic responses produced 
that will be electrically coupled thereto. This is typically 

	
by pattern 10. Antenna 54 can be realized by two separate 

achieved by increasing the spacing between adjacent conduc- 	antennas or a single antenna that is switched between trans- 
tive portions or runs of the conductive spiral pattern. How- 	mission and reception. 
ever, in the present invention, pattern 10 exploits parasitic 30 	Electrode 20 is representative of one or more electrical 
capacitance. The capacitance of pattern 10 is operatively 	conductors having no electrical connections made thereto 
coupled with the pattern's inductance such that magnetic and 

	
(i.e., it is electrically unconnected) and capable of supporting 

electrical energy can be stored and exchanged by the pattern 	movement of electrical charges therein. In terms of the 
thereby creating a damped simple harmonic resonator. Since 	present invention, electrode 20 is spaced-apart from pattern 
other geometric patterns of a conductor could also provide 35 10 at a location that lies within the magnetic field response 
such a magnetic/electrical energy storage and exchange, it is 

	
(not shown) generated by pattern 10 when pattern 10 is wire- 

to be understood that the present invention could be realized 
	

lessly excited by, for example, recorder 50 as explained 
using any such geometrically-patterned conductor and is not 	above. Electrode 20 should have a length-to-width aspect 
limited to a spiral-shaped pattern. 	 ratio (i.e., length divided by width) that is large enough such 

The amount of inductance along any portion of a conduc-  40 that the effects of linear movement of electric charges along 
tive run of pattern 10 is directly related to the length thereof 

	
the length of electrode 20 outweigh the effects of eddy cur- 

and inversely related to the width thereof. The amount of 
	

rents in electrode 20 when electrode 20 is positioned in the 
capacitance between portions of adjacent conductive runs of 

	
magnetic field response of pattern 10. The length-to-width 

pattern 10 is directly related to the length by which the runs 	aspect ratio of electrode 20 will typically be designed to 
overlap each other and is inversely related to the spacing 45 satisfy a particular device's performance criteria. Accord- 
between the adjacent conductive runs. The amount of resis- 	ingly, it is to be understood that the particular length-to-width 
tance along any portion of a conductive run of pattern 10 is 	aspect ratio of electrode 20 is not a limitation of the present 
directly related to the length and inversely related to the width 

	
invention. 

of the portion. Total capacitance, total inductance and total 
	

In the illustrated embodiment, pattern 10 lies in a two- 
resistance for a spiral pattern are determined simply by add-  5o dimensional plane and electrode 20 lies in a plane that is 
ing the effective contributions due to individual portions of 

	
parallel to that of pattern 10. However, as will be explained 

the pattern. For example, the effective inductance contribu- 	further below, pattern 10 could occupy three-dimensional 
tion of a trace portion is the resultant change in the total 

	
space, pattern 10 and electrode 20 could reside in non-parallel 

inductance of pattern 10 due to the changes in the pattern's 	planes, and/or the spacing between pattern 10 and electrode 
distributed self-inductance and distributed mutual inductance 55 20 could change during the use of electrical device 100. 
due to the addition of the trace. The effective capacitance 

	
Further, in the illustrated embodiment, the length dimension 

contribution of a trace portion is the resulting change in the 	of electrode 20 forms a non-zero angular orientation with 
capacitance of pattern 10 due to the addition of the trace 	respect to the overlapped portions of pattern 10. More spe- 
portion as a result of the charge in the portion creating electric 	cifically, for the illustrated electrical device 100, electrode 20 
fields with the charges in other parts of pattern 10 thus 60 is oriented perpendicular to the overlapped portions of pattern 
increasing the total distributed capacitance. The geometries 

	
10. However, other embodiments of the present invention 

of the various portions of the conductive runs of the pattern 	could utilize other non-zero angular orientations or even a 
can be used to define the pattern's resonant frequency. 	zero angular orientation as will be described later herein. 

Pattern 10 with its distributed inductance operatively 
	

In operation, when pattern 10 is exposed to a time-varying 
coupled to its distributed capacitance defines a magnetic field 65 magnetic field (e.g., as generated by recorder 50, a moving 
response sensor. In the presence of a time-varying magnetic 	magnet, or any other source/method that generates a time- 
field, pattern 10 electrically oscillates at a resonant frequency 	varying magnetic field), pattern 10 resonates harmonic elec- 
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tric and magnetic fields. The generated magnetic field is gen-
erally spatially larger that the generated electric field. 
Electrode 20 is positioned relative to pattern 10 such that it 
will lie within at least the generated magnetic field. 

In the presence of a time-varying magnetic field, pattern 10 
resonates to generate harmonic electric and magnetic field 
responses. With electrode 20 configured and positioned as 
described above, the magnetic field response of pattern 10 
generates an electromotive force in electrode 20 such that 
electric charges flow linearly in both directions along the 
length of electrode 20 as indicated by arrows 40. Note that the 
current flow in electrode 20 by linear charge flow 40 is 
achieved without any electrical contact with (i) pattern 10, (ii) 
electrode 20, or (iii) between pattern 10, electrode 20 and 
antenna 54. 

Typically, for fixed excitation conditions, the magnetic 
field response frequency, amplitude, and bandwidth of pat-
tern 10 are dependent upon the electric conductivity of any 
material placed within its magnetic field and electric field. 
When a material having electrical conductivity properties and 
a relatively small length-to-width aspect ratio is placed inside 
either the generated magnetic field or electric field of pattern 
10, the generated fields around pattern 10 are attenuated as 
eddy currents with resistive losses are the dominant effects 
generated in the conductive material. The energy lost from the 
generated magnetic field and electric field will alter the mag-
netic field response frequency, amplitude and bandwidth of 
pattern 10. More specifically, since there is less energy in the 
generated magnetic field, pattern 10 exhibits lower induc-
tance and capacitance, and produces lower response ampli-
tude and higher response frequency. 

However, in accordance with the present invention, the 
conductive material area of electrode 20 defines a relatively 
large length-to-width aspect ratio. The length-to-width aspect 
ratio is sufficient when more bi-directional flowing electric 
current moves along the electrode and less eddy currents are 
produced when electrode 20 is placed within the magnetic 
response of pattern 10. Once electrode 20 is electrically pow-
ered via oscillating harmonics from either pattern 10 and/or 
the response recorder antenna, electrode 20 will have a mag-
netic field resulting from the current created in the electrode 
20 that is coupled to that of pattern 10. The charge on the 
electrode 20 will result in an electric field between the charge 
on pattern 10 and electrode 20. Therefore, electrode 20 and 
the overlapped portions of pattern 10 will behave somewhat 
like capacitorplates in a closed electrical circuit, except elec-
trode 20 also has a current that creates a magnetic field that is 
also coupled to the magnetic field of pattern 10. The magnetic 
field on electrode 20 increases as the spacing between elec-
trode 20 and pattern 10 decreases because electrode 20 is 
exposed to a higher magnetic strength. 

The magnetic flux, (DB , from the responding magnetic field 
of pattern 10 acting on the electrode 20 is written as 

(DB  fB-dS 	 (1) 

Note that 13-13(r) is a vector of flux strength and direction 
while S is a vector proportional to the surface area of electrode 
20 in the normal direction. BB(r) decreases monotonically 
as distance r increases from the surface of pattern 10. Maxi-
mum flux occurs when the flux and the normal of electrode 20 
are parallel to one another. 

In accordance with Faraday's law of induction, the induced 
electromotive force produced in the sensor is equal in mag-
nitude to the rate of change in the flux, or 

6 

d (DB 	 (2) 

£ 	dr 

5 	Since the responding magnetic field response of pattern 10 
is harmonic, the resulting electromotive force produced in 
electrode 20 is dependent upon flux, flux strength, and the 
area of the electrode (for bi-direction flowing current), and is 

10 proportional to the frequency of the flux. 
As the spacing decreases between electrode 20 and pattern 

10, the electromotive force in electrode 20 increases resulting 
in the charges moving faster (i.e., higher current). The 
increase in current in electrode 20 causes electrode 20 to have 

15 a larger magnetic field that is coupled to that of pattern 10. 
Also, if the surface orientation of electrode 20 with respect to 
pattern 10 changes, the electromotive force will change. The 
electromotive force is a maximum when the electrode surface 
normal is parallel to the magnetic flux of pattern 10, and is 

20 zero when the electrode surface normal is perpendicularto the 
magnetic flux of pattern 10. 

The produced electromotive force in electrode 20 is depen-
dent upon the rate that the responding magnetic field of pat-
tern 10 changes, and the relative position and orientation of 

25 electrode 20 and pattern 10. When the responding magnetic 
field frequency of pattern 10 is constant while the effective 
field strength (i.e., high field amplitude) of the magnetic field 
response of pattern 10 acting upon electrode 20 increases as 
electrode 20 gets closer to pattern 10, the rate that the time- 

30 varying magnetic field exposed to electrode 20 changes 
increases, resulting in a higher induced electromotive force in 
electrode 20. The higher electromotive force in electrode 20 
produces a higher current in electrode 20 and therefore a 
higher magnetic field in electrode 20. Therefore, (i) the elec- 

35 tric field between electrode 20 and the overlapped portion of 
pattern 10 increases with decreased spacing therebetween (as 
is the case with capacitor plates), and (ii) the magnetic field of 
electrode 20 increases with increased rate of charge move-
ment resulting from decreased spacing between pattern 10 

4o and electrode 20. The responding magnetic field of electrode 
20 is coupled to the responding magnetic field of pattern 10. 
The responding magnetic field frequency of pattern 10/elec-
trode 20 system read by response recorder 50 decreases as 
either magnetic or electric field between pattern 10 and elec- 

45 trode 20 increases. Therefore, the change to the responding 
magnetic and electric field of pattern 10 together results in a 
more pronounced change than if only one of the fields 
changed. 

If the magnetic field of electrode 20 is oriented 90° with 
50 respect to that of the traces of pattern 10 that overlap it, any 

destructive interference between electrode 20 and pattern 10 
should vanish. Accordingly, if the relative positions and ori-
entations of pattern 10 with respect to electrode 20 remain 
fixed, then the magnetic field response of electrical device 

55 100 remains unchanged for fixed excitation conditions. These 
fixed conditions and resulting magnetic field response of 
electrical device 100 define a baseline frequency/amplitude/ 
bandwidth response for electrical device 100 that is recorded 
prior to using electrical device 100. 

60 	If pattern 10 geometrically remains unchanged and envi- 
ronmental influences upon pattern 10 remain constant, 
changes in the baseline response of electrical device 100 will 
occur wherever linear charge flow 40 changes. This will hap-
pen if the spacing between pattern 10 and electrode 20 

65 changes (e.g., out-of-plane displacement, rotation of elec-
trode 20 surface with respect to rotation of pattern 10 surface, 
or if there are changes in the in-plane angular orientation of 
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8 
electrode 20 with respect to the overlapped portions of pattern 	can be spaced apart from expanded spiral pattern 10 in a 
10). Accordingly, electrical device 100 is readily configured 

	
variety of ways without departing from the scope of the 

for a variety of applications to include position or displace- 	present invention. For example, the electrode could be posi- 
ment sensors, strain sensors, torque sensors, shear sensors, 	tioned above/below pattern 10, between the expanded "lay- 
pressure sensors, or rotational sensors where a change in at 5 ers" of pattern 10, interwoven between parallel conductive 
least one of frequency, amplitude and bandwidth with respect 	portions of pattern 10, etc. 
to the baseline response indicates a parameter of interest. 	The advantages of the present invention are numerous. The 

The present invention can also be configured for energy 	wireless electrical device requires only a simple unconnected, 
storage if the space between pattern 10 and electrode 20 is 	open-circuit conductor shaped to store electric and magnetic 
filled with  dielectric material 60 as illustrated in FIG. 3. That io fields, and at least one spaced-apart electrically-unconnected 
is, since both pattern 10 and electrode 20 will experience an 	electrode. The wireless electrical device requires no electri- 
electromotive force when pattern 10 is excited as described 

	
cally connected components, is simple to produce, and can be 

above, pattern 10 and electrode 20 with dielectric material 60 
	

excited/powered using known field response recorder tech- 
disposed therebetween function like a parallel-plate capacitor 	nology. The wireless electrical device can be employed in a 
that stores electrical energy. Once again, no electrical con-  15 variety of sensing, measurement, and energy storage applica-
nections are made with pattern 10, electrode 20, or between 	tions. 
pattern 10 and electrode 20. 	 Although the invention has been described relative to a 

Once the baseline response of electrical device 100 is 	specific embodiment thereof, there are numerous variations 
known and electrical device 100 is placed in use, interroga- 	and modifications that will be readily apparent to those 
tion or monitoring of electrical device 100 (for changes in 20 skilled in the art in light of the above teachings. It is therefore 
response relative to the baseline response) can be carried out 

	
to be understood that, within the scope of the appended 

continuously, periodically, on-demand, etc., without depart- 	claims, the invention may be practiced other than as specifi- 
ing from the scope of the present invention. 	 cally described. 

As mentioned above, both the width of the pattern's con- 
ductive runs/traces and the spacing between adjacent portions 25 	What is claimed as new and desired to be secured by 
of the conductive runs/traces can be uniform. However, the 

	
Letters Patent of the United States is: 

present invention is not so limited. For example, FIG. 4 illus- 	1. A wireless electrical device, comprising: 
trates an isolated view of a spiral pattern 70 in which the width 

	
an electrical conductor having first and second ends and 

of the conductive trace is non-uniform while the spacing 	shaped to define a single spiral between said first and 
between adjacent portions of the conductive trace is uniform. 30 	second ends for storage of an electric field and a mag- 
FIG. 5 illustrates a spiral pattern 72 in which the width of the 	netic field, said first and second ends remaining electri- 
conductive trace is uniform, but the spacing between adjacent 	cally unconnected at all times such that said electrical 
portions of the conductive trace is non-uniform. Finally, FIG. 	conductor so-shaped defines an unconnected open-cir- 
6 illustrates a spiral pattern 74 having both a non-uniform 	cuit having inductance and capacitance wherein, in the 
width conductive trace and non-uniform spacing between 35 	presence of a time-varying magnetic field, said electrical 
adjacent portions of the conductive trace. 	 conductor so-shaped resonates to generate harmonic 

A variety of pattern and electrode configurations can be 	electric and magnetic field responses, each of which has 
used without departing from the scope of the present inven- 	a frequency, amplitude and bandwidth associated there- 
tion. By way of illustration, several such configurations are 	with; and 
presented in FIGS. 7-11. In FIG. 7, electrode 20 is positioned 40 	at least one electrode spaced apart from said electrical 
such that its length forms a zero angular orientation with 

	
conductor at a location lying within at least said mag- 

respect to the overlapped portions of pattern 10. FIG. 8 illus- 	netic field response so-generated, wherein each elec- 
trates electrode 20 in non-zero, non-perpendicular angular 	trode from said at least one electrode has a length-to- 
orientation with respect to the overlapped portions of pattern 	width aspect ratio such that a linear movement of electric 
10. Although single electrodes have been shown in each of the 45 	charges is generated in said each electrode, said each 
above-described embodiments, the present invention is not so 	electrode remaining electrically unconnected at all 
limited. Accordingly, FIG. 9 illustrates the use of two elec- 	times. 
trodes 20A and 20B with electrode 20A oriented at 90 1  with 

	
2. A wireless electrical device as in claim 1, further com- 

respect to the overlapped portions of pattern 10 and electrode 	prising a magnetic field response recorder for wirelessly 
20B oriented at 0° with respect to the overlapped portions of 50 transmitting said time-varying magnetic field to said electri- 
pattern 10. FIG. 10A illustrates the use of a relatively large 	cal conductor and for wirelessly detecting at least one of said 
number of electrodes 22, distributed about pattern 10. Each of 

	
frequency, amplitude and bandwidth associated with said 

electrodes 22 is oriented at 90° with respect to the overlapped 
	

magnetic field response so-generated. 
portion of pattern 10. FIG. 10B illustrates the use of mean- 	3. A wireless electrical device as in claim 1, wherein said 
dering shaped electrodes 23, distributed about the four sides 55 electrical conductor or comprises a thin-film trace. 
of pattern 10. Each portion of electrodes 23 is oriented at 90° 

	
4. A wireless electrical device as in claim 3, wherein said 

with respect to the overlapped portion of pattern 10. The 	trace is uniform in width. 
portion of magnetic field between parallel electrodes 22 of 

	
5. A wireless electrical device as in claim 3, wherein spac- 

FIG. 10A has some destructive interference. Electrodes 23 of 
	

ing between adjacent portions of said trace is uniform. 
FIG. 108 constructively interfere with each other, resulting in 60 	6. A wireless electrical device as in claim therein said trace 
a higher combined magnetic field. Finally, although the pre- 	is non-uniform in width. 
vious embodiments have been described for pattern 10 lying 

	
7. A wireless electrical device as in claim 3, wherein spac- 

in a two-dimensional plane, the present invention is not so 
	

ing between adjacent portions of said trace is non-uniform. 
limited. Accordingly, FIG. 11 illustrates an isolated perspec- 	8. A wireless electrical device as in claim 1, wherein said 
tive view of spiral pattern 10 expanded or stretched into a 65 electrical conductor lies in a two-dimensional plane. 
three-dimensional space. An electrode (not shown for clarity 

	
9. A wireless electrical device as in claim 1, wherein said 

of illustration) similar to the above-described electrode 20 
	

electrical conductor occupies a three-dimensional space. 
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10. A wireless electrical device as in claim 1, wherein each 
electrode from said at least one electrode is at a non-zero 
angular orientation with respect to portions of said single 
spiral overlapped by said each electrode. 

11. A wireless electrical device as in claim 1, wherein each 
electrode from said at least one electrode is at a zero angular 
orientation with respect to portions of said single spiral over-
lapped by said each electrode. 

12. A wireless electrical device as in claim 1, wherein said 
at least one electrode comprises a plurality of electrodes with 
a first portion of said electrodes at non-zero angular orienta-
tions with respect to portions of said single spiral overlapped 
by said first portion, and a second portion of said electrodes at 
zero angular orientations with respect to portions of said 
single spiral overlapped by said second portion. 

13. A wireless electrical device as in claim 1, further com-
prising dielectric material disposed between said electrical 
conductor and each electrode from said at least one electrode. 

14. A wireless electrical device, comprising: 
an electrical conductor in the form of a thin-film trace, said 

electrical conductor having first and second ends and 
shaped to form a single spiral between said first and 
second ends for storage of an electric field and a mag-
netic field, said first and second ends remaining electri-
cally unconnected at all times such that said electrical 
conductor so-shaped defines an unconnected open-cir-
cuit having inductance and capacitance wherein, in the 
presence of a time-varying magnetic field, said electrical 
conductor so-shaped resonates to generate harmonic 
electric and magnetic field responses, each of which has 
a frequency, amplitude and bandwidth associated there-
with; and 

at least one electrode spaced apart from said electrical 
conductor at a location lying within at least said mag-
netic field response so-generated, wherein each elec-
trode from said at least one electrode has a length-to-
width aspect ratio such that a linear movement of electric 
charges is generated in said each electrode, said each 
electrode remaining electrically unconnected at all 
times. 

15. A wireless electrical device as in claim 14, further 
comprising a magnetic field response recorder for wirelessly 
transmitting said time-varying magnetic field to said electri-
cal conductor and for wirelessly detecting at least one of said 
frequency, amplitude and bandwidth associated with said 
magnetic field response so-generated. 

16. A wireless electrical device as in claim 14, wherein said 
trace is uniform in width. 

17. A wireless electrical device as in claim 14, wherein 
spacing between adjacent portions of said trace is uniform. 

18. A wireless electrical device as in claim 14, wherein said 
trace is non-uniform in width. 

19. A wireless electrical device as in claim 14, wherein 
spacing between adjacent portions of said trace is non-uni-
form. 

20. A wireless electrical device as in claim 14, wherein said 
electrical conductor lies in a two-dimensional plane. 

21. A wireless electrical device as in claim 14, wherein said 
electrical conductor occupies a three-dimensional space. 

22. A wireless electrical device as in claim 14, wherein 
each electrode from said at least one electrode is at a non-zero 

10 
angular orientation with respect to portions of said spiral 
overlapped by said each electrode. 

23. A wireless electrical device as in claim 14, wherein 
each electrode from said at least one electrode is at a zero 

5  angular orientation with respect to portions of said spiral 
overlapped by said each electrode. 

24. A wireless electrical device as in claim 15, wherein said 
at least one electrode comprises a plurality of electrodes with 
a first portion of said electrodes at non-zero angular orienta-
tions with respect to portions of said single spiral overlapped 

10 
by said first portion, and a second portion of said electrodes at 
zero angular orientations with respect to portions of said 
single spiral overlapped by said second portion. 

25. A wireless electrical device as in claim 14, further 
15  comprising dielectric material disposed between said electri-

cal conductor and each electrode from said at least one elec-
trode. 

26. A wireless electrical device, comprising: an electrical, 
conductor having first and second ends and shaped to form a 

20  single spiral between said first and second ends for storage of 
an electric field and a magnetic field, said first and second 
ends remaining electrically unconnected at all times such that 
said electrical conductor so-shaped defines an unconnected 
open-circuit having inductance and capacitance wherein, in 

25 
the presence of a time-varying magnetic field, said electrical 
conductor so-shaped resonates to generate harmonic electric 
and magnetic field responses, each of which has a frequency, 
amplitude and bandwidth associated therewith; at least one 
electrode spaced apart from said electrical conductor at a 

30 
location lying within at least said magnetic field response 
so-generated, wherein each electrode from said at least one 
electrode has a length-to-width aspect ratio such that a linear 
movement of electric charges is generated in said each elec-
trode, said each said electrode remaining electrically uncon- 

35  nected at all times; and a magnetic, field response recorder for 
wirelessly transmitting said time-varying magnetic field to 
said electrical conductor and for wirelessly detecting at least 
one of said frequency, amplitude and bandwidth associated 
with said magnetic field response so-generated. 

27. A wireless electrical device as in claim 26, wherein said 
4o 

electrical conductor lies in a two-dimensional plane. 
28. A wireless electrical device as in claim 26, wherein said 

electrical conductor occupies a three-dimensional space. 
29. A wireless electrical device as in claim 26, wherein said 

45  each electrode is at a non-zero angular orientation with 
respect to portions of said single spiral overlapped by said 
each electrode. 

30. A wireless electrical device as in claim 26, wherein said 
each electrode is at a zero angular orientation with respect to 

50 
portions of said single spiral overlapped by said each elec-
trode. 

31. A wireless electrical device as in claim 26, wherein said 
at least one electrode comprises a plurality of electrodes with 
a first portion of said electrodes at non-zero angular orienta-
tions with respect to portions of said single spiral overlapped 

55 
by said first portion, and a second portion of said electrodes at 
zero angular orientations with respect to portions of said 
single spiral overlapped by said second portion. 

32. A wireless electrical device as in claim 26, further 
60  comprising dielectric material disposed between said electri-

cal conductor and said each said electrode. 
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